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Objective: This study was conducted to determine the differences in the diameter of the thoracic aorta when measured
from electrocardiographic (ECG)-gated and nongated computed tomography (CT) angiography. Another aim was to
deﬁne the difference in the aortic diameter when it is measured at peak systole and end diastole in ECG-gated scans.
Methods: The gated and nongated CT angiograms of 27 patients (mean age, 58 6 16 standard deviation [SD] years)
obtained on a 256-slice multidetector CT scanner were used. The transverse and anteroposterior diameters and the lumen
areas were measured at 1, 4, and 8 cm below the origin of the left subclavian artery.
Results: There was a signiﬁcant difference in the aortic measurements of diameter between gated and nongated scans
found in samples taken at 1, 4, and 8 cm distal to the left subclavian artery (P < .0001). We found a considerable
difference between the systolic and diastolic diameters (P < .0001). The maximum change in diameter between systole and
diastole was 2.9 6 0.9 (SD) mm (14.5%, P < .0001) at 1 cm, 5.4 mm (22.6%; median, 1.7 mm; P < .0001) at 4 cm, and
4.4 mm (16.9%; median, 1.3 mm; P < .0001) at 8 cm. There was a signiﬁcant difference between the transverse and
anteroposterior diameters in systole and diastole at all locations (P < .0001): The maximum change in diameter between
transverse and anteroposterior diameters in systole was 5.4 6 1.1 (SD) mm (15.7%, P < .0001) at 1 cm, 5.8 mm (19%;
median, 1.4 mm; P < .0001) at 4 cm, and 5 mm (15%; median, 1.02 mm; P < .0001) at 8 cm. There was also a substantial
difference between measuring the transverse diameter directly and deriving it from the lumen area (P < .0001).
Conclusions: Our results showed an important difference between systolic and diastolic diameters measurements in ECG-
gated scans. The standard protocol for measuring aortic diameters in gated scans of the thoracic aorta uses images at end
diastole because the lack of wall motion at this time provides better resolution. This is likely to result in undersizing that,
in some instances, may threaten stability and the proper seal of the stent graft. The dimensions of the aorta in a gated CT
should be measured at peak systole rather than the conventional end diastole used today. Most medical centers use
nongated CT or gated CT scans in end diastole to calculate sizes of endografts. In view of our ﬁndings, the latter method
could result in potential complications. (J Vasc Surg 2014;59:74-9.)The decreased morbidity of endovascular repair of the
thoracic aorta (TEVAR) compared with open surgery has
been reviewed in many investigations.1-5 The mortality
rates associated with open surgery are 5% to 20% in thoracic
aortic aneurysms and 6% to 67% in type B aortic dissec-
tions.6,7 Endovascular procedures, however, still pose
problems derived from migration and endoleaks.8-10 The
high hemodynamic forces in the thoracic aorta place
greater mechanical demands on thoracic endografts. The
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://dx.doi.org/10.1016/j.jvs.2013.07.005failures are important concerns. An incidence of endoleak
as high as 29% has been reported after TEVAR.11
Proper sizing is essential to achieve the proper ﬁxation
and seal of an endograft. Undersizing of a stent graft will
result in inadequate ﬁxation, with a potential risk of migra-
tion or endoleak. Most surgeons oversize between 15% and
20% when they select an endograft to increase the radial
and frictional forces and thus achieve better ﬁxation and
sealing to the aortic wall. This range of 15% to 20% appears
to be a “ballpark estimate” of what would be the most efﬁ-
cient oversizing. Excessive oversizing of the stent graft
(>30%) is known to cause endograft infolding or dilation
of the aneurysmal neck.12-15
By convention, the measurements of the aortic diam-
eter for sizing endografts in electrocardiographic (ECG)-
gated computed tomography (CT) angiography (CTA)
are obtained at the end of the diastolic phase. Software
engineers chose this phase because the motion of the aortic
wall is minimal at the end of the cardiac cycle. In nongated
CTA, however, the measurements are obtained at random
phases during the cardiac cycle. We hypothesized that the
measurements of aortas in routine gated CTA are likely
to underestimate the true diameter of the aorta and result
in undersizing. This prompts the following questions:
1. What is the difference between aortic measurements
obtained from gated and nongated CTA?
Table. Statistical analysis of the difference in diameter (calculated from lumen area) between gated and nongated scans at
1, 4, and 8 cm from left subclavian artery in systole and diastole
Systole (n ¼ 27)a Diastole (n ¼ 27)a
Variable Q1 Median Q3 Diff b Variable Q1 Median Q3 Diff b
1 cm 1 cm
Gated 24.3 25.6 27.6 Gated 22.4 24.7 25.4
Nongated 23 25 26.4 .55 Nongated 23 25 26.4 0.88
4 cm 4 cm
Gated 22.8 26.4 28.1 Gated 20.9 24.6 26
Nongated 22.4 25.5 26.7 1.05 Nongated 22.4 25.5 26.7 0.79
8 cm 8 cm
Gated 22.2 24 27.7 Gated 20.4 23.3 26
Nongated 21.5 23.9 27 0.61 Nongated 21.5 23.9 27 0.69
aP < .0001 for all comparisons.
bEstimated median of the difference in diameter between gated and nongated scans.
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aorta when taken in peak systole or end diastole?
3. Is this difference the same whether we measure ante-
roposterior or transverse diameter?
4. What is the difference between diameters measured
directly and those that are extrapolated from area
calculations?
5. Does this difference imply that the size of the aorta is
relatively underestimated in current protocols for
gated CTA?
The objective of this study is to compare the difference
in diameter calculation between two imaging protocols:
gated and nongated scans. Another aim is to characterize
the difference in the aortic diameter between systole and
diastole phases with ECG-gated scans. In addition, we
will analyze the difference in diameters when measured in
transverse or anteroposterior directions as well as the differ-
ence between transverse diameter and the diameter calcu-
lated from the area of a circle equal to the lumen area.
This study hypothesizes that measuring the diameter of
the aorta at peak systole in ECG-gated CTA will give us
its true value at the moment of its greater distension.
METHOD
CT imaging. Imaging was performed using a 256-slice
multidetector iCT scanner (Philips Medical Systems,
Bothell, Wash) with ECG gating. Images were recon-
structed with a slice thickness of 0.1 mm, a reconstruction
increment of 0.5 mm, and 0.625-mm voxel resolution.
Nonionic contrast (70 mL) was injected using a power
injector at 4 cm3/s. All images were transferred to a separate
workstation equipped with iCT postprocessing software
(PhilipsMedical Systems). CT images were reconstructed to
correspond to every 10% of the R-R interval for phases from
0% to 90%.
Aortic measurements (transverse, anteroposterior
diameters, and lumen areas) for systolic and diastolic phases
were obtained automatically using the postprocessing soft-
ware at 1, 4, and 8 cm from the left subclavian artery. Thiswas measured by setting a reference point immediately
distal to the left subclavian artery origin and measuring to
the prescribed lengths along a centerline that was automat-
ically generated by the software and manually veriﬁed for
accuracy. Nongated aortic measurements were also ob-
tained at the same locations.
The study population comprised 27 patients selected
randomly regardless of sex or race. Five patients had
thoracic aneurysms and the rest had pulmonary or cardiac
pathology as the reason for the CT.
Statistical analysis. Data processing and statistical
analysis were performed using Minitab 14 software (Mini-
tab Inc, State College, Pa). The normal probability plot
was used to assess whether measured data exhibited the
standard normal distribution. For normally distributed
data, the paired Student t-test was used when two measure-
ments were compared; alternatively, the Wilcoxon signed-
rank test was used when the population could not be
assumed to be normally distributed. Difference between
measurements in systole and diastole and between gated
and nongated scans were determined and compared in
the same patient at different levels. Statistically signiﬁcant
difference was taken as a P value of < .01 for all statistical
tests.
RESULTS
The investigation involved 27 patients who were
a mean age of 58 6 16 (standard deviation) years (min,
23; max, 87 years). Measurements (gated and nongated
scans) during systole and diastole phases were obtained
for transverse diameter, anteroposterior diameter, and
lumen area. Our results showed a signiﬁcant difference in
the aortic measurements of the diameter between gated
and nongated scans at three locations measured distal to
the left subclavian artery (P < .0001) using the Wilcoxon
signed-rank test (Table). Fig 1 illustrates the difference in
diameter calculated from the lumen area between systole
and diastole at the three levels of the descending thoracic
aorta. The maximum change in diameter between systole
and diastole was 2.9 mm (14.5%) at 1 cm distal to the
Fig 1. Percentage change in the transverse (DT) and ante-
roposterior (DAP) diameter measurements of the thoracic aorta
between systole and diastole on gated scans at (a) 1 cm, (b) 4 cm,
and (c) 8 cm from the left subclavian artery. Q, Quartile; STDEV,
standard deviation.
Fig 2. Difference between transverse (DT) and anteroposterior
(DAP) measurements of thoracic diameter on gated scans at (a)
1 cm, (b) 4 cm, and (c) 8 cm from left subclavian artery.
Q, Quartile; STDEV, standard deviation.
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(Fig 1, b), and 4.4 mm (16.9%) at 8 cm (Fig. 1, c). Fig 1
shows 14 patients experienced a 5% to 10% change in diam-
eter at 1 cm from the left subclavian artery between systole
and diastole, 12 exhibited a 5% to 10% change in diameter
at the 4-cm level, and 11 exhibited a 5% to 10% change in
diameter at the 8-cm level.
The maximum difference between the transverse (DT)
and anteroposterior diameters (DAP) at 1 cm was 5.4 mm
(15.7%) in systole and 6.3 mm (19.1%) in diastole (Fig 2,
a). At 4 cm, it was 5.8 mm (19%) in systole and 4.9 mm
(18%) in diastole, respectively (Fig. 2, b). At 8 cm, the
maximum difference was 5 mm (15%) in systole and
3.2 mm (12%) in diastole (Fig 2, c). Fig 3 shows thesigniﬁcant difference found when DT is measured directly
or is calculated as the diameter of a circle with the same
lumen area (Dlumen). The maximum change between DT
and the Dlumen was 3.1 mm (9.9%) in systole vs 2.9 mm
(10%) in diastole (Fig 3, a). At 4 cm (Fig 3, b), the
maximum change was 3.4 mm (12.4%) in systole and
3.8 mm (13%) in diastole. At 8 cm, it was 2.7 mm (9%)
in systole vs 2.6 mm (10%) in diastole (Fig 3, c).
DISCUSSION
What is the difference in aortic diameter when
measured on a gated vs nongated scan? The Wilcoxon
signed-rank test showed a signiﬁcant difference between
gated and nongated measurements of diameter in both
Fig 3. Absolute difference between transverse diameter (DT) and
the diameter based on lumen area (Dlumen) on gated scans in
systole and diastole at (a) 1 cm, (b) 4 cm, and (c) 8 cm from the
left subclavian artery. Q, Quartile; STDEV, standard deviation.
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Fig 4 shows a comparison between a sagittal reconstruction
of a thoracic aorta made from a gated and a nongated scan.
The contour of the aorta in the gated scan is smooth. Here
the images are processed at the end of the diastolic phase
when there is less motion in the aorta. The nongated scan
has scalloped boundaries because the images of the aorta
are incorporated at random phases during the cardiac cycle.
The nongated acquisition is merely a snapshot in time
across the cardiac cycle, with no way of deﬁning in which
phase a particular slice has been acquired. This causes theoutline irregularities of the aorta wall. Cardiac-gated CT
assures that all images displayed are acquired at the same
phase of the cardiac cycle.
When (in what phase) should the diameter be
measured in a gated CT? To calculate the optimal diam-
eter of a stent graft before insertion and to obtain the
desired oversizing, the measurements of the aorta should
be made at peak systole, when its dimensions are greater.
In current gated-CT protocols, the measurements are
made at the end of diastole. This phase was chosen because
it is at this time when there is less motion of the aorta and
hence it has better pixel resolution. Heer et al16 showed
a signiﬁcant difference in the aortic root dimensions during
systole and diastole using ECG-gated multidetector row
CT. To quantify how much difference this could make in
the ﬁnal choice of the size of an endograft, we compared
the diameter measurements in gated scans made at peak
systole and end diastole. There was a signiﬁcant difference
(Fig. 1) in diameter between systole and diastole phases at
the three locations (1, 4, and 8 cm) from subclavian artery
when Dlumen was calculated (P < .0001). The maximum
change in the diameter of the thoracic aorta between
systole and diastole was 2.9 mm (13.5%) at 1 cm from the
left subclavian artery, 5.4 mm (22.6%) at 4 cm, and 4.4 mm
(16.9%) at 8 cm.
Which diameter should be measured, DAP or DT?
The cross-section of the aorta is not a circle but rather
resembles an ellipse. To select the proper dimensions for
a stent graft, it is relevant to know what the differences
are between its DT and DAP measured in systole and dias-
tole and to determine if the noncircularity of its cross-
section remains the same at different levels. We looked at
the difference in DAP and DT diameters at 1, 4, and 8 cm
distal to the subclavian artery. These measurements
differed signiﬁcantly (P < .0001) in systole and diastole at
all three levels (Fig 2); for example, the maximum differ-
ence between DT and DAP is 5.4 in (systole) and 6.3 mm
(diastole) at 1 cm from the subclavian and 5 mm (systole)
and 3.2 mm (diastole) at 8 cm.
What is the difference in DT and Dlumen? Assuming
that the diameter measurement that interests us is the DT,
which is consistently the greater one, what is the difference
between this diameter and the diameter of a virtual circle
with the same cross-sectional area as the aorta? The gated
scans show statistically signiﬁcant differences between DT
and Dlumen in both systole and diastole. Fig 3 shows that
the number of patients displaying a difference between DT
and the Dlumen#1 mm increases distal to the left subclavian
artery. This shows that the aorta distal to the left subclavian
artery becomes more circular. Conventionally, the litera-
ture reports diameter measurements have been used for the
grading of arterial diseases.17,18 But given the ellipsoidal
cross-section of the aorta, the computation of the diameter
using true cross-sectional area of an image that is oriented
perpendicular to the vessel centerline is better when
determining the desired oversizing of a stent graft.
Fig 4. Comparison of the image quality, emphasizing irregular outlines, between (left) nongated and (right) gated
scans.
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This study analyzed the variants in the aortic measure-
ments of the diameter using a 256-slice multidetector
CT scanner. The results showed a signiﬁcant difference
between gated and nongated scans. Speciﬁcally, measure-
ments of aortic diameter were statistically different when
taken in systolic and diastolic phases. The systolic diameter
should be selected to estimate correctly the desired oversiz-
ing of the stent graft. Our ﬁndings suggest that the selec-
tion of the aortic diameter based on the lumen of the
area over direct measurements of the diameter provides
a better assessment of the desired oversizing of a stent graft.
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